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FLIGHT SIMULATORS. PART I: PRESENT SITUATION AND TRENDS 
PART 11: IMPLICATIONS FOR T R A I N I N G  

D. Hass and W. Volk 

1. In t roduct ’ ion  

F l i g h t  s imula to r s  are used f o r  r e sea rch ,  t e s t  and Ins t ruc -  
t i o n  purposes .  The demands on s imula to r s  t o  b e  as rea l i s t ic  and 
as w i d e l y  developed as p o s s i b l e ,  however, a r e  greatest i n  t h e  

case  of  i n s t r u c t i o n a l  s imula to r s  which are used f o r  t r a i n i n g  
crews. With these s imula to r s  what i s  important  i s  tha t  a l l  
sense  impressions which might be encountered by  p i l o t s  i n  
p i l o t i n g  an  a i r c r a f t  are imi t a t ed  f o r  them as r e a l i s t i c a l l y  as 
poss ib l e .  It i s  indeed the  task of  t h e  i n s t r u c t i o n  s imula to r  t o  
r ep lace  the  a i r c r a f t  as a t r a i n i n g  t o o l .  

The p res su re  to produce r e a l i s t i c  sensa t ions  i n  a l l  areas 
has caused indus t ry  t o  make use  of  t h e  l a t e s t  technology.  Here 
i n  p a r t i c u l a r  i t  i s  the development o f  e l e c t r o n i c s  and d i g i t a l  
t echniques  which has  made p o s s i b l e  the  cu r ren t  l e v e l  o f  simula- 
t i o n  techniques  and which permi ts  us t o  expect f u r t h e r  bas i c  
improvements f o r  t he  f u t u r e .  

2 .  Breakdown of  Areas Covered by t h e  Technique o f  D i g i t a l  
F l i g h t  S imula tors  

The d i f f e r e n t  areas covered by s imula t ion  techniques  are 
shown i n  F ig .  1 by means o f  a b lock  diagram. 

I n  the c e n t e r  i s  the  computer i n  whose s t o r a g e  mechanisms 
are s t o r e d  d a t a  and programs f o r  the s o l u t i o n  of  s imula t ion  
tasks. The fol lowing s e c t i o n s  can a l s o  be seen:  

* Numbers in the  margin i n d i c a t e  pag ina t ion  i n  t h e  fo re ign  t e x t .  

. .  
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- Rudder p re s su re  s imula t ion  
- Simula t ion  of cockpi t  ins t rument  r ead ings  
- Noise s imula t ion  
- Movement s imula t ion  
- Visual  s imula t ion  
- Ext ra  appara tus  f o r  the  i n s t r u c t o r .  

I n  the fol lowing d i scuss ion  of t h e  p re sen t  s i t u a t i o n  and 
t r ends  of  s imula t ion  technology I would l i k e  t o  r e s t r i c t  myse l f  
t o  the d i g i t a l  computer, motion and s i g h t  s imula t ion  and in-  
s t r u c t i o n a l  aids because the greatest changes have occured i n  
these areas i n  r ecen t  years and it i s  here -- i n  p a r t i c u l a r  one 
th inks  o f  motion and s i g h t  s imula t ion  -- where d e c i s i v e  i m -  
provements are indeed s t i l l  desirable .  

3. P resen t  S i t u a t i o n  and Trends of Simulat ion Technology - 1 3  

3.1 Dig i t a l  Computers - Hardware 

Dig i t a l  computers for f l i g h t  s imula to r s  must ope ra t e  i n  
r ap id ,  complicated processes  i n  r ea l  t i m e .  Therefore  t h e i r  
predominant c h a r a c t e r i s t i c  i s  high c a l c u l a t i n g  speed. F ig .  2 
shows some informat ion  on the  l a t e s t  d i g i t a l  computers p re sen t ly  
o f f e r e d  i n  connect ion w i t h  f l i g h t  s imula to r s .  For  purposes of 
comparison the  Mark I was inc luded  i n  t he  las t  l i n e .  T h i s  com- 
p u t e r  con t ro l ed  t h e  f i rs t  d i g i t a l  f l i g h t  s imula to r  f o r  a pas- 
senger  p l ane  i n  1963, a Boeing 727 s imula to r  of  Eas t e rn  A i r l i n e s .  

A s  a measure of the speed of  t he  computer the  RAM memory 
access  time is given i n  the table.  Depending on the t y p e  o f  
s t o r a g e  mechanism used -- core  s t o r a g e  o r  semi-conductor s to rage  
elements.--  these times range between 1.3 and 0.3 x lom6 seconds. 
I f  one uses a r e p r e s e n t a t i v e  i n s t r u c t i o n  c ros s - sec t ion  f o r  the  
s imula t ion  task then  a rough estimate f o r  t h e  computer l i s t e d  
g ives  a p rocess ing  speed of 0.5-1.0 x lo6 i n s t r u c t i o n s  per second. 

2 



6 The Mark I handled only 0.16 x 1 0  
was 3-6 t imes .  s lower than  today ' s  computers. 

i n s t r u c t i o n s p e r  second, hence 

T h i s  first d i g i t a l  computer f o r  a passenger  p lane  s imula to r  
was s p e c i a l l y  b u i l t  f o r  s imula t ion  purposes,  s i n c e  no computers 
w i t h  s u f f i c i e n t  speed were a v a i l a b l e  on the  market i n  the  
r equ i r ed  o r d e r  of magnitude. I n  the  meantime a l l  purpose com- 
p u t e r s  have p reva i l ed  aga ins t  such "special purpose" computers, 
s i n c e  computers s u i t a b l e  f o r  s imula t ion  purposes  are o f fe red  on 
the market today i n  larger  numbers. Thus s imula t ion  technology, 
which indeed i n  terms of  s i z e  r e p r e s e n t s  an  i n s i g n i f i c a n t  market 
f o r  data p rocess ing  machines, has the  p o s s i b i l i t y  of  p r o f i t i n g  
from ex tens ive  developments and the t h u s  con t inua l ly  improving 
c h a r a c t e r i s t i c s  of  a l l  purpose computers. 

Out of  t h i s  group of  so-ca l led  "genera l  purpose computers" 
minicomputers today are inc reas ing ly  be ing  used f o r  s imula to r s .  
These are computers w i t h  word l eng ths  of 24 b i t s  and less,  whose 
b a s i c  equipment without  p e r i p h e r a l  equipment c o s t s  U . S .  $20,000- 
25,000. I n  terms o f  performance these minicomputers are "small 
g i an t s . "  The i n t e g r a t i o n  technique  of  modern semi-conductor 
development (MSI, L S I )  has c r e a t e d  f o r  us such a large reduc t ion  
i n  space  requirement f o r  a large number of l o g i c a l  components 
a long w i t h  a simultaneous i n c r e a s e  i n  t h e  data rate t h a t  
minicomputers which can f i t  i n t o  half  an  e l e c t r o n i c s  cab ine t  
today are comparable i n  terms of  performance w i t h  computers which 
j u s t  a f e w  yea r s  ago took up s e v e r a l  e l e c t r o n i c s  cab ine t s  and 
c o s t  many times more. Cred ib le  p r e d i c t i o n s  of t h e  e l e c t r o n i c s  
i n d u s t r y  say  t h a t  i n  5 years it will be  p o s s i b l e  f o r  a few 
hundred U.S.  d o l l a r s  t o  purchase a complete minicomputer on the 

o rde r  of a PDP 11 which c o n s i s t s  of  only one c i r c u i t  board [l]. 

A PDP 11 computer today c o n t r o l s  Boeing 727 s imula to r s  used 
by Lufthansa.  I n  t h i s  area smaller, faster and less expensive 

3 



computers already seem t o  b e  q u i t e  w i th in  the  realm o f  p o s s i b i l i t y .  

Shor t ly  a f t e r  the i n t r o d u c t i o n  of  the first d i g i t a l  computer 
f o r  f l i g h t  s imula to r s  t he  concept was a p p l i e d  o f  a l lowing  two 
s imula to r  cockp i t s  w i t h  the  same o r  even d i f f e r e n t  f l i g h t  

p a t t e r n s  t o  be  c o n t r o l l e d  by a c e n t r a l  computer. The computer 
employed was fast and large enough i n  terms of  i t s  s t o r a g e  
capac i ty  t o  s imultaneously p rocess  two mutual ly  independent 
real  t i m e  p rocesses .  This  concept d i d  no t  prove success fu l  and 
today i s  "outmoded, as l o g i c a l  and cost-saving as it might have 
appeared a t  f irst  glance.  The computer f o r  a long  t i m e  now 
has no t  r ep resen ted  a s u f f i c i e n t l y  large par t  o f  t h e  o v e r a l l  cos t  
o f  the s imula to r  f o r  i t  to be worthwhile t o  put up w i t h  t he  
numerous o p e r a t i o n a l  disadvantages o f  such a s o l u t i o n .  I f  the  
c e n t r a l  computer breaks down both  o f  t h e  f l i g h t  s imula to r s  are 
ou t  of commission. Program changes f o r  one of  t he  two s imula to r s  
can only b e  performed i f  t h e  computer i s  f u l l y  a v a i l a b l e ,  i . e .  
when no i n s t r u c t i o n  i s  t ak ing  place on e i t h e r  s imula to r .  

The inexpensive computer -- t he  minicomputer--- a l lows  
cu r ren t  developments t o  go i n  t h e  oppos i t e  d i r e c t i o n .  In s t ead  
of a c e n t r a l  computer f o r  s e v e r a l  cockp i t s  o r  a medium gene ra l  
purpose computer f o r  one cockp i t ,  t h e  manufacturers a l low 2-3 

s m a l l  computers working i n  para l le l  t o  c o n t r o l  one cockp i t .  
With f u r t h e r  dec reas ing  computer c o s t s  t h i s  d i r e c t i o n ,  i n  my 
opin ion ,  has two large advantages.  The computer console  of the  
s imula to r  i s  now fast  and l a r g e  enough i n  terms o f  respons ive  
s t o r a g e  capac i ty  t o  b e  able t o  ca r ry  out  i n  p a r a l l e l  the  cal- 
c u l a t i o n  of t he  real t i m e  s imu la t ion  problem and the  working 
i n  o f  program changes (reassembly).  T h i s  is  of i n t e r e s t ,  s ince 
f l i g h t  s imula to r s  are being used 16-20 hours  p e r  day f o r  i n s t ruc -  
t i o n  as meanwhile ind i spens ib l e  s u b s t i t u t e s  f o r  a i r c r a f t  and 
t h e r e f o r e  t he  d i g i t a l  computers are a v a i l a b l e  only  a f e w  hours 
dur ing  the n igh t  f o r  necessary program changes. 
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Thus t h e  working t ime of our  s imula tor  t e c h n i c i a n  can thus  /5 
even be t te r  b e  taken  advantage o f .  

The second advantage i s  due t o  t h e  s u s c e p t i b i l i t y  of  t h e  

d i g i t a l  f l i g h t  s imula to r  t o  computer breakdown. D i g i t a l  com- 
p u t e r s  occas iona l ly  break down and w i t h  redundancy i n  t h e  com- 
p u t e r  complex -- which i s  becoming an i n c r e a s i n g l y  good value -- 
the  a v a i l a b i l i t y  of the s imula to r  should i n c r e a s e  f u r t h e r  beyond 
t h e  c u r r e n t  98%. 

3.2 Dig i ta l  Computers - Software 

Here we w i l l  not d i scuss  computer o r i e n t e d  sof tware  nor 
the  mathematical  methods of  s imula t ion .  F i r s t  o f  a l l  we a r e  
concerned w i t h  the  data r equ i r ed  f o r  the  s imula to r  on f l i g h t  

c h a r a c t e r i s t i c s  and f l i g h t  performances of the  a i r c r a f t  t o  be 
s imulated which are suppl ied  by the  a i r c r a f t  manufacturer.  The 

q u a l i t y  and completeness of t h i s  data a r e  d e c i s i v e  f a c t o r s  i n  
the choice  of s imula t ion  methods. 

Based on our  experinece t h e  data r e l e a s e d  on f l i g h t  char- 
a c t e r i s t i c s  f o r  the  cons t ruc t ion  o f  s imula to r s  up to about t h e  
ear ly  1960 's  were by-products of t h e  pre l iminary  c a l c u l a t i o n s  
and f l i g h t  t es t s  of a i r c r a f t  manufacturers i n  o r d e r  t o  ob ta in  
a i r  worthiness  c e r t i f i c a t e s  f o r  new f l i g h t  des igns .  The r e s u l t  
of t h i s  cos t - sav ing  method was tha t  ex tens ive  data were a v a i l a b l e  
on marginal f l i g h t  cond i t ions  b u t  only a l i t t l e  data was 
a v a i l a b l e  on normal f l i g h t  cond i t ions  which are much more i m -  
p o r t a n t  f o r  i n s t r u c t i o n  purposes.  

The s i m u l a t o r s  which were b u i l t  on the basis of  these data 
packets, e.g. f o r  t h e  first genera t ion  of j e t  passenger  p lanes ,  
no t  least of  a l l  for t h i s  reason  showed cons ide rab le  d i f f e r e n c e s  
i n  p i l o t i n g  c h a r a c t e r i s t i c s  i n  comparison w i t h  t h e  a c t u a l  air- 
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c r a f t .  

With the i n c r e a s i n g  importance which a i r l i n e s  a t t ached  t o  
t h e i r  f l i g h t  s imula to r s  manufacturers were forced  t o  in t roduce  
s p e c i a l  methods t o  ob ta in  data f o r  t h e  c o n s t r u c t i o n  of s imula tors  
i n  o r d e r  t o  improve t h e  q u a l i t y  and e x t e n t  of  t h e  data. To begin 
w i t h  t e s t  f l i g h t s  were performed e s p e c i a l l y  t o  improve data 
r eco rds  f o r  t h e  cons t ruc t ion  of  s imula to r s .  

Understanding on the par t  o f  a i r c r a f t  manufacturers was 
a l s o  improved by  t h e  f a c t  t ha t  the manufacturers themselves now 
began t o  purchase s imula tors  f o r  t h e i r  a i r c r a f t  des igns  f o r  
i n s t r u c t i o n :  purposes.  

I would l i k e  b r e i f l y  t o  d e s c r i b e  how one a i r c r a f t  manufacturer - / 6  
provided the  data on f l i g h t  c h a r a c t e r i s t i c s  f o r  a new large 
a i r c r a f t .  

On t h e  basis of wind t u n n e l  measurements and c a l c u l a t i o n s  
t h e  departments r e spons ib l e  provided t h e  so-ca l led  p r e d i c t e d  
aerodynamic des ign  d a t a  from which was c a l c u l a t e d  t h e  p red ic t ed  
performance data on a l a r g e  computer us ing  t h e i r  own program. 
With these two data documents t h e  s imula to r  manufacturer began 
work, f o r  i n  t h i s  case t h e  s imula to r  had t o  be ready f o r  use 
as ear ly  as a f e w  months a f t e r  t h e  i n i t i a l  f l i g h t  of t h e  proto- 
t y p e  by t he  first a i r l i n e  which had purchased the  a i r c r a f t .  
After  the conclusion of  t e s t  f l i g h t s  and r e c e i p t  of t h e  a i r  
wor th iness  c e r t i f i c a t e  the a i r c r a f t  manufacturer reduced t h e  

f l i g h t  t e s t  data and provided the f l i g h t  proven aerodynamic 
design data document, Using the above mentioned computer 
program the f i n a l  performance data document was then  produced. 
In thenumerous  graphs of t h i s  data the a i r c r a f t  manufacturer 
p l o t t e d  t h e  f l i g h t  t es t  p o i n t s  f o r  v e r i f i c a t i o n ,  A t  t h i s  poin t  
t r a i n i n g  on the s imula tor  had long been underway and i n  a modi- 
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f i c a t i o n  program a f t e r  completion o f  t he  f i rs t  t r a i n i n g  pe r iod  
the  s imula to r  programs were worked over  accord ing  t o  the  new 
data. 

So much f o r  the method o f  producing a c o n s i s t e n t  data 
document for t h e  cons t ruc t ion  of a s imula tor .  

Unfor tuna te ly  the data on f l i g h t  behavior  produced i n  t h i s  

way are almost exc lus ive ly  o f  a s t a t i c  na tu re  and much t o o  l i t t l e  
a i r c r a f t  data on dynamic p rocesses  are included i n  the data 
packet. 

The ex tens ive  check l i s t s  o f  s imula to r  manufacturers  i n  
many cases  conta ined  t e s t  data c a l c u l a t e d  on t h e  basis o f  t h e  
s imula t ion  model where r e s u l t s  of i n - f l i g h t  measurements made by 
the  a i rcraf t  manufacturer himself would i n s p i r e  more confidence.  

A s  a r e s u l t  o f  t h i s  data s i t u a t i o n ,  which only  on t h e  p a r t  
o f  the a i rc raf t  manufacturer can r ea l ly  sys t ema t i ca l ly  be improved 
by s t i l l  greater  e f f o r t s ,  w e  see our se lves  fo rced  t o  perform our 
own t e s t  f l i g h t s .  T h i s  i s  a c o s t l y  process  and i n  view of  t h e  
high p r i c e s  f o r  e x i s t i n g  data packets  i t  i s  a l s o  e s p e c i a l l y  
u n s a t i s f a c t o r y .  

The accuracy of  q u a l i t a t i v e  data on f l i g h t  c h a r a c t e r i s t i c s  
from our  own t e s t  f l i g h t s  l eaves  much t o  be  desired.  

I n  many cases  t h e  data was obta ined  us ing  p r i m i t i v e  means; 
f i l m  cameras must r ep lace  data r eco rde r s .  The data obta ined  
i n  such a complicated manner must now be  reduced and i n t e g r a t e d  
i n t o  an  e x i s t i n g  s imula t ion  system i n  such a way so  that  the  
desired improvement i s  accomplished without  undes i r ab le  side 
e f f e c t s .  

/J 
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A s  long  as data packets  f o r  f l i g h t  s imula to r s  do no t  get 
be t te r  each  f i n a l  t e s t  o f  an  i n s t r u c t i o n  s imula to r  i n  t h e  l a s t  
a n a l y s i s  w i l l  no t  be completely f ree  of  s u b j e c t i v e  adjustements .  
A s  encouraging as the p rospec t s  f o r  the  development of d i g i t a l  

computer hardware might be ,  it i s r e g r e t t a b l e  t h a t  w e  s t i l l  do 
no t  have a completely s a t i s f a c t o r y  mathematical  d e s c r i p t i o n  -- 
the opt imal  data packet -- f o r  our  s imula t ion  o b j e c t .  

3.3 Motion Simulat ion 

Among the  a i r l i n e s  there  i s  agreement on the  f a c t  that  
motion sys t ems  are necessary f o r  i n s t r u c t i o n  s imula to r s .  The 
American C i v i l  Aviat ion Board r e q u i r e s  f u n c t i o n a l  motion sys t ems  
f o r  f l i g h t  s imula to r s  which are used i n  t h e  i n s t r u c t i o n  and 
r o u t i n e  t e s t i n g  o f  crews [ 2 3 .  

F i n a l l y ,  i n  t h e  r e l evan t  l i t e r a t u r e  there i s  a l s o  agreement 
on the  fac t  t ha t  f o r  t h e  i n s t r u c t i o n  of  f l i g h t  manuvers, i n  
which impressions of  motion occur  as a warning o r  d i s tu rbance  
v a r i a b l e ,  motion s imula t ion  i s  very desirable  [3]. 

So today s imula to r s  are no longe r  supp l i ed  f o r  commercial 
a i r p l a n e s  wi thout  a motion sys t em.  

Thus the  ques t ion  of whether the  ex i s t ence  o f  motion simu- 
l a t i o n  i s  j u s t i f i e d  i n  thus  c l e a r l y  answered, whereas i t  s t i l l  
seems t o  be unc lea r  which of  t he  three types  of motion systems 
should b e  s e l e c t e d :  a sys t em wi th  3, 4 o r  6 degrees  of  freedom. 
Fig.  3 p r e s e n t s  a table o f  the e s sen t i a l  c h a r a c t e r i s t i c s  of 
t y p i c a l  r e p r e s e n t a t i v e s  of the 3 s y s t e m s ,  whereby 1 s y s t e m  wi th  

6 degrees o f  freedom i n  the  most f avorab le  case c o s t s  3.5 times 
as much as the system with 3 degrees  of freedom and 6 times as 
much i n  the most unfavorable  case .  F i g s ,  4-6 i l l u s t r a t e  how 
these systems ope ra t e .  
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S t a r t i n g  from t h e  desire  t o  be able t o  imitate motion 
impressions as r e a l i s t i c a l l y  as p o s s i b l e  one i s  i n c l i n e d  t o  
dec ide  on the  s y s t e m  w i t h  6 degrees of freedom. 

The larger p o s s i b i l i t i e s  f o r  movement seem t o  q u a l i f y  t h i s  

s y s t e m  from the o u t s e t .  It i s  the only one which a f f o r d s  a l l  
t h e  p h y s i c a l  p r e r e c q u i s i t e s  f o r  i m i t a t i n g  by way of  suggest ion 
a l l  a c c e l e r a t i o n s  occuring i n  normal and abnormal f l i g h t  

cond i t ions  as w e l l  as movements caused by  atmospheric d i s t u r -  
bances. However, f o r  r e a l i s t i c  motion s imula t ion  w i t h i n  
p h y s i c a l  l i m i t s  there comes along w i t h  t he  kinematic system a 
computer program as w e l l  which makes opt imal  use of and con t ro l s  
t h i s  s y s t e m  w i t h  i t s  motion p o s s i b i l i t i e s .  

The p res su re  t o  buy t h e  "newest" and "best" -- not  l eas t  
of a l l  i n  o r d e r  t o  b e  able t o  have something t o  show t o  t h e  

i n s p e c t i n g  a u t h o r i t i e s  -- but  c e r t a i n l y  also the  j u s t i f i e d  hope 
of  coming a l i t t l e  c l o s e r  t o  r e a l i t y  has today r e s u l t e d  i n  t h e  
f a c t  that  s y s t e m s  w i t h  6 degrees o f  freedom have become stan-  
dard. 

These s y s t e m s  were first o f f e r e d  by indus t ry  i n  1967 i n  
conjunct ion  w i t h  Boeing 747 s imula to r s .  Today! they  are a l s o  
used i n  conjunct ion  w i t h  Boeing 727 and Douglas DC 9 s imula tors .  

The sys tems w i t h  6 degrees o f  freedom o f f e r e d  today 
possess  a large p o t e n t i a l  which i s  r ea l ly  not  y e t  f u l l y  taken 
advantage o f .  I n  the f irst  exchange o f  p r a c t i c a l  information 
on these systems a t  an  I A T A  meeting i n  Dublin i n  1971 uncer- 
t a i n t y  p r e v a i l e d  among the duly q u a l i f i e d  r e p r e s e n t a t i v e s  of 
the a i r l ines  when it was supposed t o  be s p e c i f i e d  what savings 
i n  terms of f l igW t i m e  were due t o  t h e  large motion systems of 
t h e  B -747 s imula tors .  
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Exhaust ing the motion p o s s i b i l i t i e s  of  sys t ems  wi th  6 
degrees o f  freedom can, i n  my opinion,  only be managed i n  ex- 
pe r imen ta l  programs under the coopera t ion  of r e s e a r c h  i n s t i t u t e s ,  
manufacturers  and a i r l i n e s .  For such programs, which i n  t h e  l as t  
a n a l y s i s  improve the  cos t  e f f e c t i v e n e s s  o f  ou r  motion sys tems,  
w e  are prepared t o  cooperate .  

3.4 Visua l  Simulat ion 

Visua l  s imula t ion  sys t ems  i n  conjunct ion  w i t h  f l i g h t  simula- 
t o r s  f o r  passenger  p lanes  have found eve r  i n c r e a s i n g  wide-spread 
use i n  r e c e n t  years. Visua l  sys tems c o n s i s t  o f  3 s y s t e m  com- 
ponents :  

an  image s t o r e r  i n  which +dimensional data on t h e  area 
be ing  flown over ,  i n  gene ra l  t h e  c l o s e r  surroundings of 
one o r  s e v e r a l  a i r p o r t s ,  are s t o r e d .  
An image producer which e x t r a c t s  the data from t h e  s t o r e r  
and t a k i n g  i n t o  cons ide ra t ion  the  pe r spec t ive  of t he  
p i l o t  t ransforms it  i n  such a way tha t  it corresponds t o  
h i s  view of  the  area be ing  flown over.  
An image p resen ta t ion  u n i t  by means of  which t h e  syn- 
t h e t i c  image i s  made v i s i b l e  i n  f r o n t  of  t h e  windows of 
t he  s imula to r  cockp i t .  

t h e  p re sen t  time three t y p e s  of  v i s u a l  s y s t e m s  ope ra t ing  
accord ing  t o  d i f f e r e n t  p r i n c i p l e s  are be ing  used by  t h e  a i r l i n e s .  
The p r i n c i p l e s  of these three types  of systems are compared i n  
the  tab le  i n  F ig .  7. 

I n  t h e  case  of t e l e v i s i o n  systems, the o l d e s t  and today wide- 
spread group r e p r e s e n t s  t h e  image s torer ,  as Fig .  8 shows -- a 
3-dimensional landscape model, e.g. on a s c a l e  o f  1:2,000 w i t h  

dimensions of  1 2  x 4.5 m. A t e l e v i s i o n  camera w i t h  an  o p t i c a l  
probe p l ace  i n  f r o n t  of i t  moves i n  f r o n t  of the model by  means 
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of  a l i f t  system guided on t racks corresponding t o  t h e  3 t r ans -  
l a t o r y  movements of the s imula ted  f l i g h t .  The o p t i c a l  probe 
con ta ins  servosystems f o r  c o n t r o l  corresponding t o  t h e  3 
r o t a t o r y  movements o f  " f l i g h t "  and p e r m i t s  atmospheric e f f e c t s  
such as the  unders ide  of  c louds and f l i g h t  v i s i b i l i t y  t o  be 

faded i n  by means of a f i l t e r  i n  the  pa th  o f  t h e  l i g h t  rays. 
The camera and o p t i c a l  probe r ep resen t  the image producer .  

Image r e p r e s e n t a t i o n  takes p;bace s e l e c t i v e l y  us ing  a 
t e l e v i s i o n  p r o j e c t o r  which i s  i n s t a l l e d  on the  s imula to r  cock- 
p i t  and which a l lows  the image t o  be p ro jec t ed  on a p r o j e c t i o n  
s u r f a c e  o r  i n  f r o n t  o f  t h e  f r o n t  panes o f  the  s imula to r  by means 
of  shadowmaskson t h e  p i c t u r e  tubes .  I n  many cases  today  o p t i c a l  
s y s t e m s  are i n s e r t e d  between the  image p lane  and t h e  p i l o t .  
These sys t ems  c o n s i s t  of s p h e r i c a l  mi r ro r s  and so -ca l l ed  bean 
s p l i t t e r s  which produce a co l l ima ted  image. Figs .  9 and 1 0  

show two image r e p r e s e n t a t i o n  devices  i n  use today. The d i sp lay  
of F ig .  9 covers  both  f r o n t  panes,  while t h e  d i s p l a y  i n  Fig.  1 0  
covers  only  1 f r o n t  pane o f  the  cockp i t .  The l a t t e r  d i s p l a y  i s  
t h e r e f o r e  i n s t a l l e d  twice ,  one u n i t  p e r  window. 

Vi sua l  sys t ems  i n  which f i l m  t echniques  are used have been /10 
i n  ope ra t ion  s i n c e  1968 among a i r l i n e s .  A 70 mm wide sc reen  
f i l m  i s  used as t h e  image s t o r e r .  The f i l m  i s  t aken  by a 
h e l i c o p t e r ,  f o r  example, performing an  I L S  approach f o r  landing.  
The image i s  produced by means o f  a f i l m  p r o j e c t o r  f i t t e d  w i t h  a 
d i s t o r t i o n  l e n s  system. Changes i n  t he  pe r spec t ive  of t h e  p i l o t  
due t o  c o n t r o l  i n p u t s  of  the s imula to r  du r ing  f l i g h t  are 
s imula ted  i n  t h i s  o p t i c a l  s y s t e m  through pa ra l l e log ram d i s to r -  
t i o n  o f  the p ro jec t ed  f i l m  image by means of anamorphic com- 
ponents ,  Changes i n  f l i g h t  speed are s imual ted  by c o n t r o l l i n g  
the image speed o f  the p r o j e c t o r  between 0 and 32 images'per 
second. The  p ro jec t ed  f i l m  image i s  created on two s p h e r i c a l  
p r o j e c t i o n  s u r f a c e s  and i s  t r ansmi t t ed  v i a  an  image rep resen ta t ion  
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u n i t  -- similar t o  t e l e v i s i o n s  s y s t e m s  -- i n  f r o n t  of t h e  

f r o n t  panes of t h e  s imula tor  cockp i t .  

S ince  1972 a i r l i n e s  have a l s o  been us ing  v i s u a l  s imula t ion  
s y s t e m s  which are based on the  p r i n c i p l e  of computer generated 
images. Computer generated image ( C G I )  technology has become 
s u r p r i s i n g l y  widespresd i n  a very s h o r t  pe r iod  of  t ime. Already 
about 25% of a l l  i n s t r u c t i o n  s i m u l a t o r s  opera ted  by I A T A  com- 
pan ie s  are fu rn i shed  w i t h  C G I  systems. Core s t o r a g e  o r  semi- 
conductor s t r o a g e  of d i g i t a l  computers s e rve  as the  image 
s t o r e r .  A numerical  model f o r  example of t h e  s t y l i z e d  sur-  
rounding O f  one o f  s e v e r a l  a i r p o r t s  i s  s t o r e d  i n  t h e s e  computer 
s t o r a g e  sys t ems .  I n  t h e  s imples t  case  the  s t o r e  con ta ins  
t h e  geographic p o s i t i o n s  of  a l l  t h e  l i g h t s  i n  the  l i g h t i n g  
sys t em of t he  a i r p o r t  as w e l l  as a few p e r i p h e r a l  l i g h t s  such 
as of s t r e e t  l i g h t i n g  systems and of nearby l o c a l i t i e s .  T h i s  

numerical  model of t h e  a i r p o r t  and i t s  surroundings i s  continu- 
ously be ing  transformed w i t h  r e s p e c t  t o  p e r s p e c t i v e  i n  r e a l  time 
and t h e  p o s i t i o n  of  each po in t  of  l i g h t  i s  determined on a 
s e l e c t e d  image p lane  by a computer program which o b t a i n s  input  
in format ion  from t h e  s imula to r  computer on the  p o s i t i o n  of t h e  
s imula ted  a i r c r a f t .  I n  t h e  sense of  the  d e f i n i t i o n  given above 
t h e  computer program r e p r e s e n t s  t h e  image producer ,  t h e  image 
i s  produced by means of  cathode r a y  tubes  which, i n  c o n t r a s t  
t o  shadow masked p i c t u r e  tubes ,  p e r m i t  cons iderably  more ac- 
c u r a t e  beam c o n t r o l ,  so-cal led beam p e n e t r a t i o n  tubes .  

The image of  t h e s e  cathode ra t  tubes  i s  aga in  made v i s i b l e  
on t h e  f r o n t  panes o f t h e  s imula tor  v i a  a c o l l i m a t i n g  r e f l e c t i n g  
o p t i c a l  system. It is  the image of a n i g h t  scene.  C G I  systems 
which produce dayl ight  images a r e  p r e s e n t l y  be ing  cons t ruc ted .  
The f irst  s imula to r s  f o r  passenger  p l anes  w i l l  be  fu rn i shed  
w i t h  day l igh t  C G I  systems i n  l a te  1975. 
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I n  gene ra l ,  v i s u a l  s y s t e m s  can  be  judged on the  basis of  

- image q u a l i t y  and image con ten t ,  
- manuver range and 
- " f l y a b i l i t y  . '' 

t h e  fo l lowing  c r i t e r i a :  

Along w i t h  l i g h t  i n t e n s i t y ,  c o n t r a s t  and c o l o r  t he  dec i s ive  
c h a r a c t e r i s t i c s  of  image q u l a i t y  are r e s o l u t i o n  and h o r i z o n t a l  
image f i e l d .  Fig.  11 shows t h e  ranges  of these c h a r a c t e r i s t i c s  
f o r  3 t y p e s  of sytems.  Te lev i s ion  and f i l m  s y s t e m s  have a 
rather similar h o r i z o n t a l  v i s u a l  f i e l d ,  but  f i l m  sys t ems  o f f e r  
3-4 t i m e s  b e t t e r  r e s o l u t i o n ,  no t  least  of a l l  because of the  

informat ion  con ten t  of  t h e  f i l m  image which i s  2 o r d e r s  of  
magnitude greater than  t h a t  of  a t e l e v i s i o n  image w i t h  625 
l i n e s .  By expanding t o  a d d i t i o n a l  channels  f o r  t h e  s ide  
windows and by means of ser ies  connected image r e p r e s e n t a t i o n  
u n i t s  C G I  sys tems p e r m i t  cons ide rab le  ex tens t ion  o f  the  hor i -  
z o n t a l  v i s u a l  f i e l d  while the  good r e s o l u t i o n  q u a l i t y  remains 
unchanged. 

Even t ak ing  i n t o  cons ide ra t ion  t h e  2 s y s t e m s  under develop- 
ment which are l i s t e d  here f o r  purposes o f  comparison, Fig.  11 
c l e a r l y  shows how fa r  v i s u a l  s imula t ion  sys tems are s t i l l  removed 
from rea l  f l i g h t  v i s i b i l i t y .  

I n  terms of  image content  t e l e v i s i o n  s y s t e m s  and f i l m  
s y s t e m s  are supe r io r  t o  C G I  s y s t e m s .  The q u a l i t y  of  t he  image 
content  i s  the! same only i n  t h e  area of t h e  n i g h t  t i m e  image 
which, because of i ts  l a r g e l y  d iscont inuous  image content  
( p o i n t s  o f  l i g h t ,  few s u r f a c e s ) ,  i s  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  
r e p r e s e n t a t i o n  by means of sa-called computer g raph ic s ,  Computer 
genera ted  day l igh t  images ra ise  many new problems. For example, 
f o r  reasons  o f  pe r spec t ive  concealed su r faces  must be suppresed 
and the image content  must be  s t y l i z e d  f o r  r easons  of  c o s t .  



The technology o f  impecable day l igh t  images, which i n  terms of 
content  hold t h e i r  ground i n  comparison w i t h  f i l m  images, i s  
c u r r e n t l y  a v a i l a b l e ,  a l though a t  p r e s e n t  numerous d i g i t a l  
computers o p e r a t i n g  i n  para l le l  would b e  r equ i r ed  f o r  t he  real  
t i m e  genera t ion  o f  such images. A s  a r e s u l t  w e  must p a t i e n t l y  
await development i n  t h e  f i e l d  o f  d i g i t a l  technology be fo re  
computer genera ted  day l igh t  images become c o s t  e f f e c t i v e  f o r  
use i n  i n s t r u c t i o n  s imula tors .  The image content  o f  the  most 
advanced d a y l i g h t  C G I  sys t em,  which so  far  has been ordered  f o r  
an  a i r l i n e ' s  i n s t r u c t i o n  s imula tor ,  i s  s t i l l  Tes t r i c t ed  t o  
1 ,000  corners  and 2,000 l i g h t  p o i n t s  a t  an  image computing 
frequency of  30 Hz. 

The manufacturers o f  n i g h t  t i m e  image C G I  s y s t e m s  today 
o f f e r ,  i n  a d d i t i o n  t o  approximately 2 , 0 0 0  l i g h t  p o i n t s ,  a 
l i g h t e n i n g  of  the  landing  p a t h  su r face  and of  t h e  horizon.  

- /12 The maneuver range of  v i s u a l  s imula t ion  s y s t e m s  i s  under- 
s tandably  most r e s t r i c t e d  i n  t h e  case  o f  t h e  f i l m  sys t ems  and 
i n  our  opinion these sys t ems ,  p r i m a r i l y  f o r  t h i s  reason ,  don ' t  
s t and  a chance anymore f o r  t h e  f u t u r e .  With r e s p e c t  t o  the  
maneuver range f o r  reasons of space t h e  t e l e v i s i o n  i s  s u b j e c t  
t o  q u a l i f i c a t i o n s  which, however, are t o  be  made c o n s i s t e n t  
w i t h  t r a i n i n g  demands. 

I n  p r i n c i p l e  t he  C G I  s y s t e m  has no l i m i t s .  O f  course  and 
image can a c t u a l l y  be seen only i n  t h e  proximity of  t h e  a i r p o r t .  

Now let us t u r n  t o  the l a s t  c r i t e r i o n ,  t h e ' T 1 y a b i l i t y "  
of the  systems. 

The l y f l y a b i l i t y "  of a v i s u a l  system i s  p r i m a r i l y  a problem 
of t y i n g  i n  w i t h  the f l i g h t  s imula tor ,  i .e .  the mutual eo- 
o r d i n a t i o n  o f  d i f f e r e n t  s imula t fon  programs. An important  
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f a c t o r  here is  the  behavior of t h e  d i f f e r e n t  v i s u a l  s y s t e m s  i n  
terms of c o n t r o l  engineer ing ,  i n  p a r t i c u l a r  behavior  w i t h  r e spec t  
t o  s y s t e m  i n h e r e n t  d i s t o r t i o n s .  A comparison shows tha t  t h e  
response behavior  of t h e  servosystems of t e l e v i s i o n  and f i l m  
t echniques  i s  j u s t  as l i m i t e d  ast the image c a l c u l a t i n g  speed 
and the p r i n t i n g  ra te  of the r e p r e s e n t a t i o n  t u b e s  o f  the  CGI 
sys tem.  

The d i s t o r t i o n s  i n  the 3 s y s t e m s  are comparable and o ther -  
wise a r e  fa r  smaller than  those  which occur i n  t he  p i l o t i n g  
of an a i r p l a n e .  The speed of the  p o s i t i o n  and a t t i t u d e  c o n t r o l  
of t h e  3 systems i s  l ikewise  very similar and completely satis- 
f a c t o r y  f o r  the  motion of passenger  p lanes .  Thus t h e  prerec-  
q u i s i t e s  f o r  the  system hardware a r e  p r e s e n t l y  the. same f o r  t h e  

problem of ' l f l y a b i l i t y . l l  I n  P a r t  I1 of t h i s  p r e s e n t a t i o n  t h i s  

d e c i s i v e  c r i t e r i o n  w i l l  b e  gone i n t o  i n  g r e a t e r  de ta i l .  

I n  the  diagram i n  Fig.  1 2  w e  have t r i e d  t o  p l o t  the  
p resen t  s i t u a t i o n ,  t r e n d s  and l i m i t s  o f t h e  3 methods d iscussed  
above. The c o s t  of t h e  sys tems -- s i m p l y  the procurement 
c o s t s  -- was p l o t t e d  along the  o r d i n a t e  a x i s  and the  output  
of the systems -- t h e  t r a i n i n g  value -- was p l o t t e d  along t h e  
a b s c i s s a .  The diagram p r e s e n t s  our view w i t h  r e s p e c t  t o  t h e  
u s e  of v i s u a l  s sy tems  f o r  passenger  plane i n s t r u c t i o n  s imua l to r s .  

No f u r t h e r  development can b e  expected o f  t he  f i l m  systems. 
T h i s  i s  because o f  t h e i r  l f m i t e d  range o f  maneuver -- t h e  
pre l iminary  programing of maneuver sequences on the f i l m  -- 
and t h e  high c o s t s  due t o  wear on t h e  f i l m .  Their  t r a i n i n g  
value i s  l i m i t e d .  

Te lev i s ion  systems will be  f u r t h e r  developed t o  be su re .  
One manufacturer c la ims t o  b e  p u t t i n g  t h e  same amount of  money 
i n t o  t h e  development o f  these sys tems as i n t o  CGT systems. 



However the development p o s s i b i l i t i e s  are very l i m i t e d .  
At presen t  experiments are be ing  c a r r i e d  out  i n  the  fo l lowing  
areas: e l e c t r o n i c  d i s t o r t i o n  of  t h e  t e l e v i s i o n  image c l o s e  t o  
the ground i n  o r d e r  t o  prevent  depth  of  f i e l d  problems, i m -  
proved hor izon  s imula t ion  ( so -ca l l ed  e l e c t r o n i c  sky)  and 
development of new o p t i c a l  probes.  There i s  ha rd ly  any pos- 
s i b i l i t y  o f  ob ta in ing  a wider  v i s u a l  f i e l d .  I n  a d d i t i o n  t h e r e  
are high e x t r a  i n s t a l l a t i o n  expenses,  such as c a r r y i n g  o f f  t h e  
heat c r e a t e d  by the  model i l l u m i n a t i o n ,  and h igh  maintenance 
c o s t s .  

The C G I  s y s t e m s  s t i l l  r e q u i r e  an  enormous i n c r e a s e  i n  
expendi ture  i n  making t h e  t r a n s i t i o n  f r o m a n i g h t t i m e  t o  day  
t i m e  imgae. However w i t h  f u r t h e r  development i n  the s e c t o r  o f  
e l e c t r o n i c  components t h e  procurement c o s t s  w i l l  drop s h a r p l y .  
S ince  these s y s t e m s  a t  t h e  same t i m e  make p o s s i b l e  an  enlargement 
of t h e  h o r i z o n t a l  image f i e l d  and, on t h e  basis o f  i n i t i a l  
p r a c t i c a l  exper ience ,  r e q u i r e  cons iderably  smaller maintenance 
c o s t s ,  t h e y  w i l l  be t h e  s y s t e m s  o f  t h e  f u t u r e .  

3.5 I n s t r u c t o r  Aids 

To conclude ou r  d i scuss ion  of s imula t ion  techniques  w e  w i l l  
here p resen t  dev ices  f o r  use b y  t he  s imula to r  i n s t r u c t o r .  These 
so-ca l led  i n s t r u c t o r  aids are  un i t ed  i n  t h e  i n s t r u c t o r  pane l  
which i n  passenger  p lane  s imula to r s  i s  always loca t ed  i n  t he  
i n t e r i o r  of the s imula to r  cockp i t .  Along w i t h  t h e  normal con- 
trol elements f o r  p u t t i n g  t h e  s imula to r  i n t o  ope ra t ion ,  which 
b a s i c a l l y  as f a r  as the  cockpi t  i s  concerned a re  independent 
of the  group of  c o n t r o l s  f o r  keeping the  s imula to r  i n  s e r v i c e ,  
the fo l lowing  adjustment  func t ions  are p resen t  on the  i n s t r u c t o r  
pane l  : 

- Input  of surrounding cond i t ions  
- Check of  l oad  and f u e l  cond i t ion  
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- Input  of e r r o r s  -- ar ranged  on the  basis o f  communication 
Syste,ms -- w i t h  e r r o r  p r e s e l e c t i o n  dependent on va r ious  
parameters 

- P l o t t i n g  of dev ia t ions  du r ing  instrument  approach 
- P o s i t i o n  i n d i c a t i o n  of  the  s imula ted  f l i g h t  
- P l o t t i n g  and reporduct ion  of t he  las t  5-10 minutes i n  

- Devices f o r  s imula ted  rad io te lephone  communications. 
each case  of the t r a i n i n g  run  

Dig i t a l  f l i g h t  s imula to r s  make it poss ib l e  f o r  these func- - / I 4  
t i o n s  t o  be automated t o  a large degree f o r  t he  purpose of  
f r e e i n g  the  i n s t r u c t o r s  from having to make ad jus tments  and 
thus  b e  ab le  t o  devote  as much undivided a t t e n t i o n  as p o s s i b l e  
t o  t h e  crew under i n s t r u c t i o n .  

The s i m p l i c i t y  of ope ra t ion  o f  t h e  i n s t r u c t o r  pane l  i s  
a c r u c i a l  requirement ,  s i n c e  ou r  i n s t r u c t o r s  do no t  spend a l l  
o f  t h e i r  t i m e  on ly  performing i n s t r u c t i o n  se s s ions  on t h e  

s imula to r s  and when the s imula to r  i s  used t h e y  must qu ick ly  
familiarize themselves once aga in  w i t h  i t s  ope ra t ion .  There- 
f o r e  i t  i s  a l s o  important  t h a t  the p r i n c i p l e s  on which the  

c o n t r o l s  and d ia l s  are based, and which, a f te r  a l l ,  are used 
i n  t h e  a i r c r a f t  cockp i t ,  are c o n s i s t e n t l y  c a r r i e d  o u t  on the  
i n s t r u c t o r  pane l .  

4.  The Importance of R e l i a b i l i t y  

I n s t r u c t i o n  s imula to r s  used by a i r l i n e s  are i n  use  6-7 days 
a week 16-20 hours  a day. 
only i f  t he  equipment i s  h igh ly  r e l i ab le ,  s i n c e  p r a c t i c a l l y  no 
cushion of t i m e  is l e f t  t o  a l low f o r  breakdowns. 

Such a high work load  can be planned 

80 a t e c h n i c a l  f a i l u r e  which s h u t s  down the  s imula to r  can 
cause large, consequent ia l  c o s t s ,  f o r  example by i n c r e a s i n g  the 



number of  unproductive use days of crews 
a i r c r a f t  t i m e  e t c .  
of new t e c h n i c a l  devices  f o r  i n s t r u c t i o n  sirnulatmrs an import& 
f a c t o r ,  a lnog  w i t h  what they  c o n t r i b u t e  t o  i n c r e a s i n g  the r e a l i s m  
of the s imula t ion ,  i s  t h e i r  e f f e c t  on the r e l i a b i l i t y  of &€It= 

t o t a l  sys t em.  Therefore i n t h e  f i e l d  of s imula t ion  technolagy 
f o r  our  use p rogres s  means an i n c r e a s e  i n  realism while  main- 
t a i n i n g  o r  improving r e l i a b i l i t y .  

i n e r e a s s n g  nan- se l l ab le  
For t h i s  reason  i n  judging  %he sEaitabiliky 

Figures  f o r  P a r t  I 

Fig. 1. Block diagram of an 
i n s t r u c t i o n  s imula to r  

F ig .  3 .  Motion system f o r  
f l i g h t  s i m u l a t o r s  

Fig. 2.  D i g i t a l  compu€e-r for 
f l i g h t  s imula to r s .  

3 Fig.  4 Motion s y s t e p  
degrees of  freedom. 
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Fig .  5. Motion s y s t e m  w i t h  4 
degrees o f  freedom. 

Fig.  7. Methods of v i s u a l  s i m -  
u l a t i o n  f o r  f l i g h t  s imula to r s .  

F ig .  6. Motion s y s t e m  w i t h  6 
degrees o f  freedom. 

Fig.  8 .  Visua l  s imula t ion  based 
based on t h e  t e l e v i s i o n  p r i n c i p l e  
(image s t o r e r  and image producer ) .  



Fig. 9. Image representation 
device (monoview). 
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Fig. 11. Ranges of resolution 
and image field f o r  visual 
simulation systems. 

Fig. 10. Image representation 
device (duoview). 

Fig. 12. Expenditure and output 
of visual simulations systems. 
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1. In t roduc t ion  

By way of i n t roduc t ion  I would l i k e  t o  b r e i f l y  comment on 
the  importance o f  modern s imula to r s  i n  t h e  i n s t r u c t i o n  and t e s t i n g  
of a i r l i n e  p i l o t s  from t h e  s t andpo in t  o f  4 c r i t e r i a :  

-' Tra in ing  Sa fe ty  

It was no t  very long  ago that  i n  world wide a i r  t r a f f i c  a 
d i sp ropor t iona te ly  large number of a i r c r a f t  l o s s e s  occured dur ing  
t r a i n i n g  f l i g h t s .  Thanks t o  the  use  o f  s imula to r s  these f i g u r e s  
have dropped sha rp ly .  

- Tra in ing  Q u a l i t y  

The q u a l i t y  o f  t r a i n i n g  f o r  c e r t a i n  f l i g h t  maneuvers i s  
higher i n  the  s imula to r .  For example: t h e  f a i l u r e  o f  an  engine 
i s  s imula ted  i n  f l i g h t  by p u l l i n g  back t h e  output  t o  i d l e ,  
whereas i n  t he  s imula to r  t he  engine i s  a c t u a l l y  shu t  o f f .  Thus 
i n  an  e x e r c i s e  f o r  t h e  f a i l u r e  two engines  f o r  t he  DC-10 the  
s i t u a t i o n  a r o s e  i n  which the  remaining t h r u s t  o f  the  two engines  
whose f a i l u r e  had been s imula ted  was s o  great that  the  t h i r d  

engine a l s o  had to be cu t  back t o  i d l e  i n  o r d e r  t o  be ab le  t o  
begin  the  l and ing  approach w i t h  l anding  gear and f l aps  extended. 
Thus the t r a i n i n g  a i m ,  namely the  e x e r c i s e  of  approaches w i t h  
asymmetric engine output  i s  no t  ob ta ined .  So here t h e  s imula to r  
i s  more r e a l i s t i c  and q u a l i t a t i v e l y  be t te r .  There are o t h e r  
f l i g h t  maneuvers f o r  which t h e  same i s  t r u e .  

- Environmenta lS t ra in  due to Tra in ing  

The p u b l i c  is not fond of  t r a i n i n g  f l i g h t s .  Repeated 
approaches w i t h  sha rp ly  d i f f e r e n t  engine ou tpu t s  are perce ived  
as d i s t u r b i n g  and t h e r e f o r e  w e  a l s o  have d i f f i c u l t i e s  i n  Germany 
f i n d i n g  t r a i n i n g  p o s s i b i l i t i e s  j u s t  f o r  the p resc r ibed  t e s t  
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f l i g h t s  f o r  extending l i s c e n s e s .  For t h e  same reasons  t r a i n i n g  
i n  o rde r  t o  o b t a i n  the t y p e  r a t i n g  has been performed abroad f o r  
years. 

- P r o f i t a b i l i t y  of T ra in ing  

I n  t he  t i m e  o f  a fou r fo ld  i n c r e a s e  i n  p r i c e s ,  i n  which j u s t  
t o  make a t r a f i c  c i r c u i t  above an a i r p o r t  t he  r e s u l t i n g  f u e l  
c o s t s  range between DM l3O.-- f 0 r t h e - B  727and DM 300.- f o r  t h e  

B 747, i t  i s  a c t u a l l y  only a fo rma l i ty  t o  po in t  ou t  the r a t i o  
of  c o s t s  between a s imula to r  hour and a f l i g h t  hour f o r  t h e  
same t y p e  of a i r c r a f t  ranges between 1:6 and 1 : 2 0 .  

2. Stock Taking o f  t h e  Div is ion  of T ra in ing  Between t h e  Simu- - /22 
l a t o r  and A i r c r a f t  

I n  the  f irst  part  of  our  j o i n t  p r e s e n t a t i o n  w e  have heard 
about the p r e s e n t  s t a t e  of development and t endenc ie s  i n  simu- 
l a t o r  technology. It i s  now time t o  take a c l o s e r  look a t  
t h e i r  i m p l i c a t i o n s  f o r  t h e  t r a i n i n g  of a i r l i n e  p i l o t s .  I would 
l i k e  t o  begin w i t h  a b r e i f  review of the c u r r e n t  s i t u a t i o n  w i t h  
regard t o  t h e  d i v i s i o n  of t r a i n i n g  between t h e  s imula to r  and 
a i r c r a f t  f o r  o b t a i n i n g  t y p e  r a t i n g s  f o r  d i f f e r e n t  . types of a i r -  
c r a f t  as i s  found i n  our company i n  l i n e  use. 

I n  Fig.  1 you see t h e  t r e n d  which shows tha t  a s h a r p l y  
dec reas ing  amount of f l i g h t  t r a i n i n g  i s  matched by an  unchanging 
o r  s l i g h t l y  i n c r e a s i n g  need f o r  s imula to r  hours.  A c l e a r  
bend i n  the d i r e c t i o n  of fewer f l i g h t  hours can be d e t e c t e d  f o r  
a l l  o f a u r t y p e s  w i t h  the hooking up of  r e l e v a n t  s imula to r s  t o  
ou r  v i s u a l  a id  system. These hookups are made a t  d i f f e r e n t  times. 

A similar r educ t ion  i s  shown i n  t h e  conversion o f  our  707 
s imula to r  t r a i n i n g  from a s imula to r  type  w i t h  ana log  technology 
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of the  1 9 6 0 t s  t o  a t y p e  of  d i g i t a l  technology w i t h  corresponding 
improvements i n  the f i d e l i t y  of the  t o t a l  s y s t e m  and thus  c l o s e r  
approximation t o  t h e  f l i g h t  behavior  o f  t h e  B 707. Since such 
investments  i n  a company whose bus iness  goa l  of  maximizing pro- 
f i t  must a lways  be taken i n t o  account can only be j u s t i f i e d  
when corresponding savings are obta ined ,  it was n o t  easy for us 
t o  make t h e  d e c i s i o n  t o  purchase a new s imula to r  i n  1977 for  the 
B 707. A t  the  t i m e  the dec i s ion  was made i t  was a l r eady  poss ib l e  
t o  look ahead t o  t h e  t i m e  when t h i s  a i r c r a f t  would no longer  be 
i n  o p e r a t i o n  i n  our  company. 

A r e c a l c u l a t i o n  over 3 years showed tha t  sav ings  o f  about 
9 m i l l i o n  DM were acheived by the purchase.  The number of  
f l i g h t  t r a i n i n g  hours was reduced by about ha l f ,  t h e  c o s t s  pe r  
s imula to r  t r a i n i n g  hour f o r  the b e t t e r  equipment have doubled 
a t  the same t i m e ,  however t h e y  remain i n  the above mentioned 
r e l a t i o n  t o  f l i g h t  t r a i n i n g  c o s t s .  

From the same graph.we a l s o  see, however, that  w i t h  our 
i npu t  t y p e s  B 727 and B 737, which have t o  handle both  t h e  i n i t i a l  
t r a i n i n g  of  new c o p i l o t s  from t h e  Bremen f l i g h t  school  and t h e  
i n i t i a l  t r a n s i t i o n  t r a i n i n g  of  c o p i l o t  t o  c a p t i a n ,  t h e  t r a i n i n g  
times both i n  the  s imula tor  and i n  t he  a i r c r a f t  are c l e a r l y  
greater t h a n  f o r  the  rest  of  t h e  f l ee t .  

- The Americans use j u s t  s t i c k t i m e s  as a r e f e r e n c e ,  whereas /24’ - 
i n  our  data t h e  f i g u r e s  con ta in  a l l  r o l l t i m e s  on the  ground 
(block t i m e ) .  An American a r t i c l e  d a t i n g  f rom 1966 [ 4 ]  shows 
how the au tho r s  a t  that  t i m e  imagined t h e  development of the  
r a t i o  of s imula to r  t r a i n i n g  t o  f l i gh t  t r a i n i n g  (see Fig ,  3 ) .  
For s imula to r s  based on 1975 technology they  came up w i t h  a f i n a l  
value of  20 s imula to r  hours as a g a i n s t  5 f l i g h t  t r a i n i n g  hours. 

1. Not a l l  of the pages are numbered and it is  p o s s i b l e  that  
p.  23 i s  missing.  
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We have p l o t t e d  the  c u r r e n t l y  v a l i d  va lues  o f  large a i r c r a f t  
flown wi th in  the  scope of ATLAS and w e  f i n d  ex tens ive  agreement 
w i t h  the  assumptions made. 

A l l  thoughts  of  s b i f t i n g  more and more of  t h e  t r a i n i n g  from 
the a i r c r a f t t  t o  t he  s imula to r  i n  a l l  cons ide ra t ions  o f  p r o f i t -  
a b i l i t y  are a lways  sub jec t  t o  t h e  ove r r id ing  f a c t o r  that  i n  
making t h i s  t r a n s i t i o n  t h e  q u a l r t y  of  the  t r a i n i n g  may no t  be 

adverse ly  a f f e c t e d .  Apar t  from a l l  o t h e r  i n d i c a t o r s  which 
confirm the even higher q u a l i t y  of  t h i s  combined t r a i n i n g  i n  
the s imula to r  and a i r c r a f t  one can  a l s o  refer t o  the  number 
o f  t o t a l  t r a i n i n g  hours.  The f i g u r e  f o r  t h i s  i s  a c t u a l l y  
higher i n  1975 than  t h a t  g iven  i n  1966 f o r  pure  f l i g h t  t r a i n i n g  
not  combined w i t h  s imu la to r  t r a i n i n g .  

A similar s i t u a t i o n s  e x i s t s  f o r  t h e  semi-annual t e s t  f l i g h t s  
which are r equ i r ed  by  law f o r  l i c e n s e  renewals.  Af te r  s imula to r s  
were recognized f o r  t h i s  procedure by  t he  a u t h o r i t i e s  these 
f l i g h t s  have l a rge ly  been s h i f t e d  t o  t h e  s imula to r .  

3. E f fec t  of the  Development of  Separate Areas i n  S imula tor  
Technology on Tra in ing  

My s t a t emen t s  up t o  now have taken  s tock  of  t h e  use  of  
s imula to r s  i n  the  t r a i n i n g  o f  a i r l i n e  p i l o t s .  

Now I would l i k e  t o  take a de ta i led  look a t  t h e  d i f f e r e n t  
areas of s imula to r  technology which permit  us  t o  expect  f u r t h e r  
improvements f o r  t ra jv l ing  and the s o l u t i o n  of s t i l l  e x i s t i n g  
problems. 

T h i s  w i l l  e i ther be  done w i t h  p o s s i b i l i t i e s  a l r e a d y  e x i s t i n g '  1 2 5  - 
i n  t he  t o t a l  sys tem or by f u r t h e r  developments a l r e a d y  spelled out  
by the e x i s t i n g  technology. I n  p a r t i c u l a r  the fo l lowing  s e c t o r s  
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s t a n d  i n  the c e n t e r  of i n t e r e s t :  motion and v i s u a l  aid. 

2.1 Motion s imula t ion  

The debate  over  t he  number of r e q u i r e d  degrees  of  freedom 
w i t h  motion s imula t ion  has s t i l l  not  be set t led.  A uniform 
viewpoint has not  been formed among t h e  a i r l i n e s .  Even today 
3-axis motion systems are s t i l l  being ordered.  Moreover, t h e  
4-axis motion system s t i l l  has  i t s  suppor t e r s  i n  England. With 
us ,  i n  the purchase of  the latest 3 s imula to r s  f o r  t y p e s  B 707, 
747 and 727, the 6-axis motion system was demanded by  the  p i l o t s  
f o r  the fo l lowing  reasons :  

- i n  the  in tended  t r a i n i n g  s h i f t  from the a i r c r a f t  t o  the 
s imula to r  t he  f i d e l i t y  of t h i s  equipment must be  as high 

as p o s s i b l e .  

c r e a t e d  by the l o s s  of power must be easy t o  sense  i n  
o r d e r  t o  g ive  t h e  p i l o t s  unimpaired informat ion  t o  r e a c t  
proper ly .  

- Accelera t ion  and d e c e l e r a t i o n  processes  ( t r a n s l a t o r y  
motion s imula t ion )  are f e l t  no t  only du r ing  t a k e o f f  and 
landing  but  are a l s o  an important aid du r ing  a i r w o r k  
t r a i n i n g .  T h i s  involves  e x e r c i s e s  which take p l a c e  mostly 
i n  the range of low speed f l i g h t ,  i . e .  s ta l l s ,  slow 
f l i g h t ,  recovery from high-rate-of-sink, go-around e t c .  

- I n  p a r t i c u l a r ,  dur ing  engine f a i l u r e  t h e  yaw motion 

There are s t i l l  no s t u d i e s  which c l e a r l y  i n d i c a t e  whether 
t r a i n i n g  is  made more e f f i c i e n t  by means o f  motion w i t h  more 
degrees o f  freedom. But i n  our  s u b j e c t i v e  opinion each  improve- 
ment even i n  t h i s  area b r i n g s  w i t h  i t  a ga in  i n  c r e d i b i l i t y  i n  
the equipment among the p i l o t s .  T h i s  i s  q u i t e  an important  
po in t  which w i l l  be discussed  i n  detai l  later on. 

\ 
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3.2 V i sua l  Simulat ion 

I n  the t r a i n i n g  o f  p i l o t s  v i s u a l  s imula t ion  has 2 main tasks. 

- t o  p r a c t i c e  f i n a l  approaches and landings  from instrument  
approaches w i t h  a c loud c e i l i n g  between 30 and 120  m and 
v i s i b i l i t y  ranging  between 400 and 1 2 0 0  m; 

- t o  estimate and c o r r e c t  h i s  d e v i a t i o n s  i n  r e l a t i o n  t o  t h e  
l and ing  pa th  i n  the  f i n a l  approach on the  base l i n e .  This 

It should make it  p o s s i b l e  f o r  the p i l o t :  
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phase i s  p r a c t i c e d  i n  t h e  t r a f f i c  c i r c u i t  above t h e  a i r p o r t  
under v i s u a l  f l i g h t  cond i t ions  between 3 and 4 NM on f i n a l  
up t o  and inc lud ing  the landing.  

These requirements  p l a c e  p a r t i a l l y  d i f f e r e n t  demands on t h e  
v i s u a l  a i d .  f o r  the  instrument  approach t h e  fo l lowing  i s  
requ i r ed  : 

- good r e p r e s e n t a t i o n  of  t h e  d i f f e r e n t  weather cond i t ions  
i n  terms of  v i s i b i l i t y  and c e i l i n g  f o r  the  d i f f e r e n t  
approach methods. Here a r e  a f e w  examples as t h e y  were 
photographed on t h e  v i s u a l  a id  on t h e  Frankfur t  base :  

P o s i t i o n  V i s i b i l i t y  Ce i l ing  Exerc ise  F igure  
(m> ( m >  

Landing p a t h  200 Approaching S tar t  4 
s ta rb  

F i n a l  approach 
1 NM 1,200 120  

non-preci s i o n  
approach 5 

F i n a l  approach 
200 base r a d i o  600 60 ILS CAT I 6 
a l t i t u d e  on GS . .  - .. - . .  

F i n a l  approach 

a l t i t u d e  on G S  
1 0 0  base r a d i o  400 30 ILS CAT I1 7 

. .  . .  . 



- r e a l i s t i c  r e p r e s e n t a t i o n  of approach and l and ing  pa th  
l i g h t i n g .  

Both cond i t ions  are f u l f i l l e d  by e x i s t i n g  systems and are 
a l s o  formal ly  accepted by p i l o t s ,  s i n c e  w i t h  these s p e c i f i c  
weather cond i t ions  even i n  t he  a i r c r a f t  c l e a r  v i s i b i l i t y  i s  
reduced and there i s  no demand f o r  depth of f i e ld ;  peripheral  
v i s i o n  i s  r e s t r i c t e d  and there i s  no n e c e s s i t y  f o r  l a t e ra l  
v i s i o n ;  and gene ra l  d i s t i n c t n e s s  i s  reduced due t o  m i s t  and 
fog  w i t h  t he  r e s u l t  tha t  there are no excess ive  demands on 
r e s o l v i n g  power. 

By c o n t r a s t ,  the  demands f o r  v i s u a l  approach are considerably - 1 2 7  

more d i f f i c u l t  t o  meet. These demands c o n s i s t  o f  t h e  fol lowing:  
- ear ly r e c o g n i z a b i l i t y  of t he  landing  pa th  from a d i s t a n c e  

of  3-4 NM r e q u i r e s  high r e s o l u t i o n  (P igs .  8 and 8 a ) ;  
- uniform sharpness  over  the e s s e n t i a l  image areas r e q u i r e s  

great depth of  f i e l d  (F igs .  9 and 9a); 
- high image conten t  (de t a i l )  f o r  e s t i m a t i n g  d e v i a t i o n s  

r e q u i r e s  that  t h e  model be h ighly  a c c u r a t e  (F ig .  lo); 
- in format ion  f o r  t h e  p i l o t  on t h e  f l i g h t  a t t i t u d e  i n  space 

r e q u i r e s  p e r i p h e r a l  v i s i o n  thpough t h e  s ide windows (Fig.  11). 

The f i rs t  two cond i t ions  a r e  f u l f i l l e d  by t h e  new C G I  s y s t e m s  
be t t e r  than  by the  t e l e v i s i o n  sys tems.  For image c o n t e n t ,  however 
the l a t t e r  are still bet te r ,  s i n c e  w i t h  them it i s  a l s o  p o s s i b l e  
t o  c a r r y  out  very r e a l i s t i c  t r a i n i n g  by  day, tw i l igh t  and n i g h t ,  
whereas t he  CGI systems must p r i m a r i l y  be r e s t r i c t e d  t o  n i g h t  time 
r e p r e s e n t a t i o n  (see Figs .  12-14 1. 

With the a l r e a d y  Qffered day l igh t  r e p r e s e n t a t i o n ,  even w i t h  
computer controZZed systems, this may p resen t  a real  improvement 
i n  t r a i n i n g  p o s s i b i l i t i e s  for v i s u a l  approaches i n  the t r a i n i n g  
of beginners  and i n  making the swi tch  t o  a new des ign  type .  
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One unsolved problem f o r  the  t ime being i s  the  demand of  
p i l o t s  f o r  t h e g r e a t e s t p o s s i b l e  ang le  of  s igh t .  The e x i s t i n g  
s y s t e m s  w i t h  l a te ra l  s i g h t ,  as they  were s t u d i e d  by us ,  were 
u n s a t i s f a c t o r y  i n  so much as between t h e  two view r e p r e s e n t a t i o n s  
of the f r o n t  and s ide window t h e r e  remained a very d i s t u r b i n g  
gap of about 20' i n  the angle  of  s igh t  and because the n i g h t  
t i m e  image of  t h e  C G I  sys t em t h e  image content  d id  not  g ive  
s u f f i c i e n t  in f romat ion  on s l i g h t  a t t i t u d e s  of bank. 

An opt imal  s o l u t i o n  t o  the  problem of over  c o r r e c t i n g  bank 
a t t i t u d e s  by  p i l o t s  i n  the s imula to r  us ing  t h e  v i s u a l  a i d  as 

p r o j e c t i o n  which i s  c e r t a i n l y  t e c h n i c a l l y  p o s s i b l e ,  but  t h e  
c o s t s  of which would be worthwhile only w i t h  t h e  conversion of 
crew i n s t r u c t i o n  t o  t o t a l  s imula t ion .  

a r e s u l t  of a r e s t r i c t e d  h o r i z o n t a l  image f i e l d  would be 180' - /28 

The high degree of  r e a l i t y  of the  bad weather r e p r e s e n t a t i o n  
b r ings  w i t h  i t  l a r g e  advantages,  i n  p a r t i c u l a r  d u r i n g  t r a i n i n g  
f o r  approaches a f t e r  ope ra t ing  s t a g e  I1 and i n  p a r t  first makes 
e f f i c i e n t  t r a i n i n g  f o r  t h i s  p o s s i b l e  ( s e e  f i g .  1 5 ) .  

For t o  be s u r e  w i t h  t r a i n i n g  i n  t h e  a i r c r a f t  one can s i m u l a t e  
a cloud c e i l i n g  by removing a hood a t  a c e r t a i n  d i s t a n c e  above 
the ground which up t o  t h a t  p o i n t  had r e s t r i c t e d  v i s i o n  t o  the 
ou t s ide .  But t he  then  e x i s t i n g  cond i t ions  of un l imi ted  v e r t i c a l  
and h o r i z o n t a l  v i s i b i l i t y  w i t h  a c l e a r l y  de f ined  horizon are 
s o . u n r e a l i s t i c  f o r  t h e  a c t u a l  problem of  making the  t r a n s i t i o n  
from instrument  to v i s u a l  f l i g h t  t ha t  today the  s imula ted  world 
of the v i s u a l  aid here produces greater t r a i n i n g  success  because 
it i s  more r e a l i s t i c .  For t h i s  reason  t h i s  t r a l n i n g  i s  performed 
almost e x c l u s i v e l y  i n  the s imula to r .  

If I have t o  s a y  ''almost exc lus ive ly , "  t hen  that means tha t  
only because of e x i s t i n g  s t a t u t o r y  o rde r s  w e  have t o  cont inue  
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t e s t i n g  a small part o f  the  r e q u i r e d  e x e r c i s e s  i n  the  a i r c r a f t .  

It i s  very va luable  t o  be  able t o  make a v i s u a l  r e p r e s e n t a t i o n  
f o r  d i f f e r e n t  degrees  of b r i g h t n e s s  w i t h  the s imula t ion  of day 
t i m e ,  t w i l i g h t  and n igh t  t i m e  cond i t ions  i n  connect ion w i t h  t h e  
t r a i n i n g  O f  approaches as pe r  ope ra t ion  stages I and 11. I n  
c o n t r a s t  t o  making an approach under v i s u a l  f l i g h t  cond i t ions ,  
w i t h  the  s imula to r  t h e  day,t , ime approach i s  a c t u a l l y  more 
d i f f i c u l t .  Because the lights are l e s s  v i s i b l e  t h e  c o n t r a s t  
between the l i g h t i n g  and the  surroundings i s - v e r y  low and i n  the  
o v e r a l l  very d i f u s s e  i l l u m i n a t i o n  the  r e c o g n i z a b i l i t y  of  
a d d i t i o n a l  details  on t h e  l and ing  p a t h  and ad jacen t  areas remains 
low. 

S t i l l  be t t e r  r e s u l t s  of bad weather r e p r e s e n t a t i o n  are t o  
be expected i n  p a r t  form C G I  sys tems and t h e  e l e c t r o n i c  sky 
w i t h  t e l e v i s i o n s  systems, s i n c e  i n  these cases ,  i n  p a r t i c u l a r  
t h e  pa r t i a l  t ransparency  o f  c louds and fog i s  very r e a l i s t i c a l l y  
r ep resen ted .  T h i s  w e  have seen i n  a few t e s t  r e p r e s e n t a t i o n s  
of var ious  manufacturers.  The c u r t a i n  effect  o f  former days may 
thus  f i n a l l y  have been overcome. 

A s  always, however, d i f f i c u l t i e s  s t i l l  e x i s t  i n  the  hooking 
up of v i s u a l  a id  sys t ems  t o  s imula to r s .  Since very many v a r i a b l e s  
a f f e c t  t h i s  a d a p t a t i o n ,  it i s  very d i f f i c u l t  f o r  p i l o t s ,  who 
f l y  the s imula tor  dur ing  the  acceptance,  t o  make p r e c i s e  s t a t e -  
ments about where and what i s  t o  be changed i n  o r d e r  t o  acheive 
a b e t t e r  r e p r e s e n t a t i o n .  On the other hand, t he  data packets  
put  out by the manufacturers on the f l i g h t  c h a r a c t e r i s t i c s  of  
the a i r c r a f t  t y p e  i n  ques t ion  do no t  contq in  a l l  o f  the i n f o r -  
mation which i s  used i n  making the adap ta t ion .  

/29 

0 



The Human Components b'f t h e  'ProbXem 

With a c e r t a i n  inpu t  t o  t he  c o n t r o l  s u r f a c e s  of the a i r c r a f t  
v i a  the c o n t r o l  column the p i l o t ,  based on exper ience  i n  handl ing 
h i s  a i r c r a f t ,  exp rec t s  a c e r t a i n  r e a c t i o n  i n  r e l a t i o n  t o  the 
environment i n  terms o f  r o t a r y  motions around; t he  la te ra l  a x i s  
of  the a i r c r a f t  ( p i t c h ) ,  around the  l o n g i t u d i n a l  a x i s  (roll) 
and around the yaw a x i s  ( y a w ) .  

If i n  the e r a l y  s ta te  of adap ta t ion  t h i s - r e a c t i o n  i n  t he  
s imula to r  d i f fers  sha rp ly  from r e a l i t y  i t  i s  s t i l l  r e l a t i v e l y  
easy t o  o b t a i n  an  improvement. I n  approaching the optimum t h i s  

become i n c r e a s i n g l y  more d i f f i c u l t ,  s i n c e  the p i l o t  very quick ly  
" learns11 t o  f l y  the  s imula to r  and v i s u a l  aid i n  such a way that  
the r equ i r ed  o b j e c t i v e  -- l and ing  a f t e r  an approach -- i s  reached. 
The memory va lue  from the  a i r c r a f t ,  which indeed i s  only supported 
by sub , jec t ive  exper ineces ,  i s  very quick ly  l o s t .  

There are two p o s s i b i l i t i e s  t o  help remedy t h i s :  

1) L e t  the  acceptance p i l o t s  very frequ-ent ly  draw comparisons 

2 )  L e t  a i r c r a f t  p i l o t s  who have j u s t  r e tu rned  from an  ex- 
w i t h  t h e  a i r c r a f t  o r  

tended mission f l y  c e r t a i n  exe rc i se s  i n  t h e  s imula to r  
and then  by ask ing  them s p e c i f i c  ques t ions  o b t a i n  in fo r -  
mation on how r e a l i s t i c  the r e p r e s e n t a t i o n  i s .  

I n  t h i s  connec t ion  a r e l a t i v e l y  f i n e  measure o f  the  degree 
of  agreement between r e a l i t y  and s imula t ion  i s  the c e n t e r  of  
equ i l ib r ium i n  the hra3.n which even w i t h  r e l a t i v e l y  small devi- 
a t i o n s  from synchronous ope ra t ion  becomes d t s t u r b e d  t o  the po in t  
o f  caus ing  nausea. 



The Technical  Components of the. Problem 

It may have su rp r i zed  you that i n  combining two t e c h n i c a l  
sys t ems  data of  such s u b j e c t i v e  o r i g i n  has t o  be used. T h i s  i s  
necessary  s i m p l y  due t o  t h e  f a c t  that  the a v a i l a b l e  o b j e c t i v e  
data i s  not  s u f f i c i e n t  and does no t  supply ample information.  

I n  p a r t i c u l a r  w e  are l ack ing  data from the  a i rcraf t  manu- 
f a c t u r e r s  on the  e f f e c t  of small i n p u t s  t o  the  c o n t r o l  column 
on the  order  of  + - 5 O  and less on t h e  roll motion of the a i r c r a f t .  
A s  has been found i n  t h e  s tudy  of t h i s  problem, however, pre- 
c i s e l y  t h e s e  small imputs are used very f r equeq t ly ,  i n  p a r t i c u l a r  
f o r  f i n e  c o r r e c t i o n s  i n  t h e  f i n a l  approach where t h e y  are made 
almost unconsciously by the p i l o t  i n o r d e r  t o  remain on t h e  ap- 
proach base l i n e .  

Data f o r  l a r g e r  i npu t s  o f  20-30° a r e  a v a i l a b l e ,  b u t  s i n c e  
t h e s e  processes  do not  proceed l i n e a r l y  t h e y  do n o t  r e p r e s e n t  
the f l i g h t  behavior  wi th  s u f f i c i e n t  accuracy and b r i n g  the  p i l o t  
t o  t he  conclus ion  tha t  the  s imula to r  j u s t  does not  q u i t e  cor- 
respond t o  t h e  a i r c r a f t ,  and t h i s  judgement i n  t u r n  g ives  r i s e  t o  
a number of r e s e r v a t i o n s .  

Remedies i n  t h i s  case  can only come from t e s t  f l i g h t s  a long 
t h e  l i n e s  t ha t  we have performed i n  t h e  p a s t ,  and a f t e r  a 
s p e c i f i e d  program t h e y  w i l l  a l s o  aga in  be c a r r i e d  out  t h i s  year .  
O f  course it must c l e a r l y  be stated that what i s  involved here 
i s  a problem of f i n e  adjustment ,  as is necessary i f  one in t ends  
-- as  we do -- t o  t r a i n  t h e  l and ing  approach i n  the f i n a l  phase w i t h  
f l a r e  out  t o  l and ing  i n  the s imula to r  w i t h  new p i l o t s  going 
f o r  their type  r a t i n g .  The r e c u r e n t  t r a i n i n g  o f  experineced 
p i l o t s  who aheady have the i r  type  r a t i n g  is  no% a f f e c t e d  
th i s .  

It i s  important  however that a i r c r a f t  manufacturers  

by 

recog- 
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n ize  t h e s e  problems and o b t a i n  more data by f l y i n g  and a l s o  make 
t h i s  available t o  the  buyer i n  o r d e r  that  a s imula t ion  as near  
t o  p e r f e c t  as p o s s i b l e  can be acheived. 

I n  o rde r  t o  o b t a i n  precise informat ion  on t o  what e x t e n t  
savings can be acheived i n  t r a i n i n g  p i l o t s  s o l e l y  through t h e  
use of v i s u a l  aid sys tems -- and indeed independent o f  o t h e r ,  
f o r  the most part  s imultaneously introduced improvements i n  simu- 
l a t o r s  such as improved motion and more e f f i c i e n t  computers -- 
we w i l l  set  up a s tudy i n  1975, the  essence o f  which w i l l  be a 
paral le l  experiment wi th  a group o f  about 1 6  j u n i o r  p i l o t s  a t  
the same t r a i n i n g  l e v e l  who w i l l  fo l low d i f f e r e n t  paths t o  
reach the  same t r a i n i n g  o b j e c t i v e .  

The t r a i n i n g  w i l l  d i f f e r  i n  so  much as w i t h  1 /2  of  t h e  group 
another  4 hours i n  a d d i t i o n  t o  the  normal s imula to r  t r a i n i n g  
are planned f o r s p e c i f i c  e x e r c i s e s  i n  order  t o  l e a r n  t h e  f i n a l  
approach and l and ing  phases i n  t r a f f i c  p a t t e r n  t r a i n i n g  s e s s i o n s  
i n  the  s imula tor  f i t t e d  w i t h  v i s u a l  aids. According to a s e t  
program t h e  same i n s t r u c t o r  t hen  takes over the  group f o r  
f l i g h t  t r a i n i n g  whose o b j e c t i v e  i s  "impeccable landings  from 
v i s u a l  and instrument  approaches." 

The p o s s i b l e  sav ing  r e s u l t s  from the  expendi ture  o f  t h e  - 131 
a d d i t i o n a l  4 hours i n  the s imula to r  and t h e  p r o f i t s  i n  terms o f  
saved f l i g h t  hours  r e l a t i v e  t o  the  comparison group without 
a d d i t i o n a l  t r a i n i n g  w i t h  t h e  same q u a l i t y  demands. T h i s  ex- 
periment can then  be repeated w i t h  a d i f f e r e n t  number of 
a d d i t i o n a l  s imulated hours u n t i l  one approaches a l i m i t  value 
where the number o f  s imula to r  hours  r equ i r ed  t o  save  a c e r t a i n  
amount of  f l i g h t  t r a i n i n g  t i m e  becomes j u s t  so high that the  
number of hours spen t  i n  the s imula to r  i s  no longe r  j u s t i f i e d .  
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4. New Tra in ing  Poss ib i ’ l i tTes  

From t h e  s t andpo in t  of t he  computer a f e w  p o s s i b i l i t i e s  
a r e  s t i l l  t o  be found i n  the c u r r e n t  s imula to r  gene ra t ion  which 
have not  y e t  f u l l y  been taken  advantage of‘ i n  the  t r a i n i n g  o f  
p i l o t s .  Among o t h e r  t h i n g s ,  t h i s  i s  s o  because enough i s  not  
ye t  known about e f f e c t i v e n e s s  i n  the l e a r n i n g  p rocess .  On the 
one hand t h i s  i nvo lves  t h e  p o s s i b i l i t y  of a l lowing  t h e  computer 
t o  r e p l a y  f o r  purposes  of demonstration, i n d i v i d u a l  maneuvers 
flown by p i l o t s ,  and on the o t h e r  hand i t  invglves  t h e  p o s s i b i l i t y  
of l e t t i n g  t h e  s tuden t  make a pre l iminary  f l i g h t  p r i o r  t o  h i s  

own e x c e r c i s e  of a pre-programed maneuver as it  should opt imal ly  
be flown. Nei ther  of these demonstration p o s s i b i l i t i e s  i s  
without i t s  c r i t i c s ,  s i n c e  many t r a i n i n g  c a p t a i n s  are of  the 
opinion t h a t  it is  more e f f i c i e n t  t o  l e t  t h e  s t u d e n t  himself  f l y  
t h e  s u i t a b l e  e x e r c i s e  t o  improve t h e  r o u t i n e .  

Another method of  us ing  e x i s t i n g  computer c a p a c i t y  i s  being 
prepared by us f o r  r e f r e s h e r  t r a i n i n g .  These refresher s i m u l a t o r  
p re iods  are independent of  t h e  l i s c e n s e  ex tens ion  d a t e  and a r e  
a l s o  supposed t o  be c a r r i e d  out without the p r e s s u r e  of  having 
t o  pass a t e s t .  Therefore  a program i s  being s e t  up which i n  
t h e  course of the f l i g h t  poses  d i f f e r e n t  problems t o  the crew 
Keyed i n  terms of t ime,  a l t i t u d e  o r  speed. Solv ing  these problems 
i n  the absence of a t r a i n i n g  c a p t a i n  makes it p o s s i b l e  f o r  t h e  
crew t o  t e s t  i t s e l f .  

At t h e  same t i m e  t h i s  ache ives  the  fo l lowing  o b j e c t i v e ,  
namely that  t h e  crew, working as a team and r e s p o n s i b l e  only 
t o  i t s e l f ,  e x e r c i s e s  abnormal and emergency procedures  without 
the p o s i t i v e  o r  perhaps even negat ive  support  from an  eve r  p re sen t  
i n s t r u c t o r  who recognizes  and c o r r e c t s  a t  the o u t s e t  mistakes 
which a r e  about t o  b e  made and the reby  p reven t s  the  crew from 
l e a r n i n g  a very i n s t r u c t i v e  l e s son  from the p o s s i b l e  consequences. 
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I n  t h i s  a r e a ,  however, developmental work r e a l l y  needs t o  
be done and a gene ra l  i n t r o d u c t i o n  of t h i s  method i s  conceivable  
only a f t e r  c e r t a i n  experince w i t h  one t y p e  has been c o l l e c t e d .  

5. Re la t ion  of the P i l o t  t o  t h e  Simulator  

I n  t h e s e  cons ide ra t ions  however the  'rman-machinelf problem 
o r  t h e  human f a c t o r  may not be ignored as I have r e i t e r a t e d  a 
few times i n  the  course of  my d i scuss ion .  The r e l a t i o n s h i p  of 
the p i l o t  w i t h  t h e  s imula to r  i s  not  an  untroubled one and t h i s  i s  
obvious s i n c e  every 6 months he i s  r equ i r ed  t o  undergo a tes t  
i n  the s imula to r  which each time aga in  makes a d e c i s i o n  on h i s  
f u r t h e r  p r o f e s s i o n a l  l i f e .  The thought of t h i s  would a l s o  be 
c e r t a i n l y  very uncomfortable f o r  o t h e r  p r o f e s s i o n a l  groups.  
Therefore  i t  i s  e s p e c i a l l y  important ,  us ing  s u i t a b l e  motivat ion 
s t a r t i n g  w i t h  t he  t r a i n i n g  c a p t a i n s ,  t o  make s u r e  t h a t  t h e s e  
t r a i n i n g  devices  are f u l l y  accepted and i n  p a r t i c u l a r  a l s o  t o  
guarantee t h e  h ighes t  p o s s i b l e  degree of  e q u a l i t y  w i t h  a i r p l a n e s  
by means of c o n t i n u a l  work on the  t e c h n i c a l  q u a l i t y  of  t h e  
s i m u l a t o r s .  
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Figures  for Par t  X I 1  

Fig.  1. Lufthansa t r a n s i t i o n  
t r a i n i n g  

Fig.  3. Rep lacab i l i t y  of $ l igh t  
t i m e .  by s imula to r  time i n  crew 
i n s t r u c t  i on .  

Fig.  2 .  American A i r  Lines  t r a n s i -  
t i o n  t r a i n i n g .  

1. No o t h e r  F igures  are included i n  the t e x t .  


